The Recycler Ring, an 8 GeV antiproton accumulator, is being commjssioned at Fermilab. Antiproton transfers in and out of the Recycler Ring take place through two transfer lines connecting the Recycler to the Main Injector. Transfer line layout and operation of beam transfers will be described. Particular attention has been paid to injection mismatch effects, in order to limit emittance growth during transfers. A considerable improvement has been achieved by removing vacuum windows, previously present in both transfer lines.
INTRODUCTION
. In addition to the vertical bends provided by the injection and extraction Lambertsons, which are of equal strengths and opposite sign, two additional bends of the same strength and opposite sign are required They are provided by electromagnets (named VDPA in Fig. 21 , which are also used as safety critical devices.
BEAM TRANSFER OPERATION
Beam is transfemd in and out of the Recycler in 2.5 MHr hunches. All beam transfer operations are driven by clock events. Hardware devices are pre-loaded with all the required settings for manipulations needed to inject or extract antiprotons (or protons for tune-ups). A specific set of clock events are generated to indicate to the hardware which operation to perform. The extraction process begins when the hardware components decode these clock events. Trim dipoles in both rings set the extractiodinjection counterwaves just prior to the transfer time. Emittance dilution measurements were performed with protons injected into the Recycler through the MI-32 line and then transferred back into the Main Injector through the MI-22 line. The emittance of the proton beam was measured in the Main Injector before injection into the Recycler and just after extraction from the Recycler, using the same flying wire system installed in the Main Injector. Measurements showed a cumulative growth. after injection closure, of about 6 E mn-mrad, in 95% normalized transverse emittance, for both planes.
An emittance dilution of this size is unacceptable for antiproton operation. The expected 95% normalized transverse emittance of cool antiprotons from the Accumulator is about 10 n mm-nuad and that of cold antiprotons from the Recycler should be less than this. The cumulative emittance growth for each transfer, due to all sources, should he kept below 1 E mm-mad.
There are four sources of emittance dilution during transfers that need to be considered [4]: betatron function and dispersion mismatch between the transfer line and the ring, steering ermr into the ring and scattering from vacuum windows, if present. In the following formulae we will always refer to 95% normalized transverse emittance. 
